	Study
	Study design
	Country
	Date of study conduction
	Date of publication
	Target group
	Age
	Sample size
	Number exposed
	Duration of exposure
	Listening volume
	Type of PLD
	Thresholds And Frequency of hearing loss
	Prevalence of hearing loss
	Aim of study
	Main findings
	Conclusion

	1. Gosh Moulic et al. (1)
	Observational cross-sectional
	India
	December 2022 to June 2024
	18th September 2024
	Non-software engineer (12)
Software engineer (18)
Student (58)
Nurse (15)
Homemaker (17)
Teacher (10)
	15-35
	130: 84 F, 46 M
	65
	1-2h: 10
2-4h: 25
4-6h: 15
More than 6h: 15
	1-3: 5
3-7: 25
7-10: 30

1= very low
10 = full volume
	Headphone: 25
Earphone: 40

with noise-canceling feature (22) and without (43)
	-

	45 (69.23%) of users from 65
11 (16.92%) of non-users from 65

	Assessing the effects of earphone use in hearing and EAC conditions
	- Significantly higher prevalence of hearing loss (69.23%) than non-users (16.92%).
- Lower incidence of hearing loss (13.33%) in noise-canceling earphone users than those without this feature (86.67%).

	- Significant association between earphone use and increased risk of hearing loss and EAC issues
- Noise-canceling earphones may offer protective benefits

	2. le Clercq et al. (2)
	Cross-sectional within a prospective cohort
	Netherland 
	April 16, 2012 to October 25, 2015
	14th June 2018
	Children of school age
	9-11
	3116: 1550 M, 1566 F
	960
	1 or 2d/w: 577
≥ 3d/w: 254

<1h/d: 877
≥1h/d: 83
	Very soft to soft: 268
Normal, halfway: 533
Loud to loudest: 42
	Headphone
	Notches:
Range of normal hearing (≤15 dB HL): 8.8%
Slight (16 to 25 dB HL): 57.1%
Mild (26 to 40 dB HL): 30.7%
Moderate to profound (≥ 41 dB HL): 3.4%

HFHL:
Slight (16 to 25 dB HL): 94.1%
Mild (26 to 40 dB HL): 5.0%
Moderate to profound (≥ 41 dB HL): 1.0%

Notches involved most often 6kHz
	443 had audiometric notches (140) or HFHL (238) or both (65)

Notches: 205
(112 M, 93 F)
L ear: 64.4%
R ear: 30.2%
bilateral: 5.4%

HFHL: 303 
(154 M, 149 F)
L ear: 36%
R ear: 49.5%
bilateral: 14.5%

	To examine prevalence and development of NIHL among children over time
	- No associations of music exposure namely frequency, duration, and volume level of PMP use was found with notches or hearing related symptoms.
- Use of PMPs was not associated with bilateral notches and separating the high-frequency notches by degree of notch depth or affected frequency, revealed no associations.
- Use of PMPs was significantly associated with HFHL (slight rather than worse) for 1 or 2 days and more than 3 d/w, independent of time and volume level use
- A loud to loudest volume level was associated with bilateral HFHL compared with no use, irrespective of frequency and duration of PMP use.
	- 1 in 7 children aged 9 to 11 years showed notches and/or HFHL and 52 (1.7%) had bilateral impairment
- Suggests a possible association of PMP use with high-frequency HI

	3. Byeon (3)
	Cross-sectional 
	South Korea
	January 2013 to December 2013
	7th December 2020
	Middle and high school students
	12-19
	532: 286 M, 246 F
	532
	<80 min: 43
≥80 min: 489
	-
	Earphone
	Normal (≤ 24 dBA): 421

Hearing loss (≥ 25 dBA): 111

	111 (20.9%): 61 M, 50 F / 2 with <80 min, 109 with ≥ 80 min



421 (79.1%) without hearing loss: 225 M, 196 F
	- To identify prevalence of hearing loss among Korean adolescents and to analyze the relationship between the use of earphones, noise environment exposure and subjective hearing problems and to provide basic data for educating adolescents about hearing loss prevention
	- Using earphones in a noisy environment (too loud to communicate) and the mean daily earphone usage time in a noisy environment were both significantly related to the prevalence of hearing loss.
- Adolescents using earphones in a noisy environment had a 4.5 times higher risk of hearing loss than those without earphone usage.
-  Adolescents using earphones more than 80 min/d in a noisy environment had 4.7 times higher risk of hearing loss than those used earphones less than 80 min/d.
- Exposure to living environment noise for at least 3 months, wearing equipment to protect against living environment noise, and exposure to a momentary loud noise such as explosion were not significantly associated with hearing loss.
- Use of equipment for protecting against living environment noise was not related to hearing loss.
	Listening to music using earphones for 80 minutes or longer in a noisy environment was a risk factor for hearing loss

	4. Feder et al. (4)

	Cross-sectional
	Canada
	October 2009 to May 2010
	17th April 2013
	students
	10-17
	237: 134 F, 103 M
	
	1-<3 y
3-≤5 y
> 5 y
	-

	iPod/MP3 player
	Over 4 and 8 kHz when usage exceeded 5 y
	-
	To examine the relationship between portable digital audio player listening behaviours and measured sound pressure levels, audiometric measures, self-reported hearing loss symptoms
	- Higher measured sound pressure levels were associated with worse audiometric thresholds at (0.5, 1, 2 kHz, averaged) and 4 kHz.
	Supports a statistical association between hearing acuity and Self-reported weekly usage in hours; Tightness of fit; Years of usage; and Measured sound pressure levels

	5. Afifi et al. (5)
	Prospective case-control 
	Egypt
	January 2019 to February
2020
	27th October 2020
	Call center operators
	Study group: 25-46
Control group: 23-44
	48: Study group: 28 (18 M, 10 F), Control group: 20 (8 M, 12 F)
	28
	Up to 8h daily for 6 days a week for a minimum of two consecutive years (exposure duration from 2 to 4 years)
	-
	Headphone
	4 and 8 kHz
	-
	To determine whether call center operators present subjectively and/or objectively evidence of peripheral and/or central auditory fatigue compared to normal subjects
	- All the participants had normal peripheral hearing in both ears, less than 20 dB HL in both ears (at frequency range 0.25–8 kHz).
- There was a similarity in hearing levels between control and study groups at all of the tested frequencies.
- There was a visible difference at 4 and 8 kHz, but this difference did not reach significance and mostly could be explained by older age of the study group.
- TEOAEs in the study group had lower echo levels at mainly frequency bands 2, 3, and 4 kHz compared to the control group; however, these differences did not reach significant levels.
	There was no detectable central or peripheral auditory fatigue experienced by the call center operators when using headsets. However, their sensation of auditory fatigue could be due to cognitive fatigue rather than noise-induced fatigue

	6. Zeinab A et al. (6)
	Cross-sectional
	Saudi Arabia
	20-9-2020 to 28-1-2021
	2022
	Female medical students
	18-23
	42 F
	42
	Bluetooth:
1-4 y: 2
4-8 y: 14
>8 y: 8

<1 h/d: 1
1-4 h/d: 15
4-8 h/d: 6
>8 h/d: 2

Non- Bluetooth:
1-4 y: 0
4-8 y: 7
>8 y: 4

<1 h/d: 0
1-4 h/d: 6
4-8 h/d: 3
>8 h/d: 2

Combined:
1-4 y: 0
4-8 y: 0
>8 y: 7

<1 h/d: 0
1-4 h/d: 0
4-8 h/d: 7
>8 h/d: 0
	Bluetooth:
Medium: 16
High: 8

Non-
Bluetooth:
Medium: 6
High: 5

Combined:
Medium: 5
High: 2

	Earphone
	Mild loss: ≥20-40dB HL
Moderate loss: 41-70 dB HL
	Percentage of hearing threshold ≥20dBHL (in order Bluetooth, non-Bluetooth and combined):
0.25 kHz:
R ear: 10 – 16.7 – 2.4
L ear: 31 – 21.4 – 16.7

0.5 kHz:
R ear: 23.8 – 16.7 2.4
L ear: 31- 21.4 – 14.3

1 kHz:
R ear: 14.3 – 16.7 – 7.1
Left ear: 31 – 21.4 – 11.9

2 kHz: 
R ear: 4.8 – 4.8 - 0
L ear: 26.1 – 11.9 – 11.9

4 kHz:
R ear: 9.5 – 4.8 - 0
L ear: 19 – 11.9 – 11.9

8 kHz:
R ear: 16.7 – 0 - 0
L ear: 37.7 – 9.5 – 9.5


	To determine the effect of use of Bluetooth and non-Bluetooth earphones on hearing function and to determine whether the combined use of both types have more negative impact on hearing or not
	- Bluetooth group had higher percentage of HL compared to non-Bluetooth and combined groups at all frequencies in L ear.
- The same was found in the R ear with exception at 1 kHz where percentage of non-Bluetooth group with hearing loss was higher compared to Bluetooth group and combined group. 
- At 2 kHz the percentage of Bluetooth and non-Bluetooth users with HL was equal
- A significant difference was observed between the R and L ears in all frequencies.
- A significant increase was observed in combined group compared to Bluetooth group at frequency of 250 Hz in L ear.
- No significant difference was observed at 0.5, 1, 2, 4 and 8 kHz in L ear 
- In R ear, no significant difference was observed at all frequencies.
- There was significant association between use of earphones for 1-4 years and hearing loss at frequency of 8 kHz in R ear. Non-significant difference was observed in other frequencies. In L ear nonsignificant difference was observed in all frequencies.
	- Main HTs were poor in earphone users which could be interpreted as earphones use may have negative impact on hearing
- The combined use of both types of earphones did not show more negative impact on HTs

	7. Grinn et al. (7)
	Cohort 
	USA
	-
	18th October 2024
	Young-adult participants
	18-25
	31: 17 M, 14 F
	31
	A 90 min VR music concert
	Full volume
	VR headsets
	Approximately 1 to 3 dB HL threshold shift at 4, 8, and 12.5 kHz on average
	-
	To evaluate threshold and suprathreshold auditory risk from a newly popular platform of music concert entertainment; VR headsets
	- There were no statistically significant effects of sex on DPOAE amplitude at any frequency (2 to 10 kHz).
- Regarding ethnicity, there was a statistically significant effect observed at 4, 5, 6, 7, and 10 kHz, with non-White participants exhibiting poorer thresholds than white participants.
- The effects of sex, ethnicity, and ear on DPOAE amplitude were less relevant given that DPOAE amplitude did not reveal statistically significant differences between baseline and post exposure testing.
-  A statistically significant effect of ear was observed at 2, 3, 8, and 14 kHz with 2 and 3 kHz demonstrating a R ear advantage, and 8 and 14 kHz demonstrating a L ear advantage.
-24 hours and 1-week post-exposure measurements revealed no permanent changes from baseline measurements (p’s > 0.05) aside from one spurious difference at 12.5 kHz.
	VR music concerts person music concerts may still be capable of producing at least slight, temporary threshold shifts on the order of 2 to 3 dB HL.

	8. Shini Yassmin et al. (8)
	Cross-sectional
	India
	-
	November 2019
	Medical students
	17-25
	200: 129 F, 71 M
	198
	1 h/d: 68
2 h/d: 48
3 h/d: 38
5 h/d: 29

Always: 24
Frequently: 91
Sometimes: 65
Rarely: 18
Never: 2
	High: 50
Medium: 144
Low: 6

	Earphone




	Normal hearing range (0-20 dB): 158
Mild hearing loss (20-40 dB): 56
Moderate hearing loss (40-60 dB): 0
Severe hearing loss (60-80 dB): 0
	Mild: 56 or 28% (9 high volume, 47 medium volume)
Moderate: 0
Severe: 0
	To set up a connection between the meeting misfortune and utilization of headphones
	A statistically significant association was seen between volumes of usage and hearing loss.
	There is a lot of individuals with gentle hearing misfortune

	9. Chen et al. (9)
	Cross-sectional
	China
	April 2009 to July 2009
	8th June 2011
	Secondary school students
	12-19
	1567: 793 M, 774 F
	1335
	Average use time: 1.41 ± 1.11 h/d
	Loud (≥85 dB): 1098 (82.20%)
	-
	Mild (26-40 dB HL)
Moderate (41-60 dB HL)
Severe (61-80 dB HL)
Profound (> 80 dB HL)
	Control: 1.04%
Low exposure (<0.5h/d): 0.99%
Medium exposure (0.5-1.5 h/d): 3.91%
High exposure (>1.5h/d): 4.55%
	To investigated the prevalence of ear diseases among secondary school students in order to provide a foundation for evidence-based hearing healthcare
	- SNHL was not associated with academic stress scores. However, it was significantly increased among those students with a sleeping disorder and insomnia.
- SHL was associated with the extent of portable audio device use and they were positively correlated.
	Insomnia and the excessive use of portable audio devices may be related to adolescent SNHL

	10. Mazlan et al. (10)
	Cross-sectiona
	Malaysia
	August 1999 to September 1999
	July 2002
	Customer Service
Representative
	18-35
	118: 40 M, 78 F
	118
	1 y: 4
2 y: 55
3 y: 31
4 y: 11
5 y: 9
6 y: 4
7 y: 1
8 y: 3
	-
	Headphone
	Normal hearing (-10 to 20 dB HL): 93 (78.8%)
Hearing impairment (>20 dB HL): 25 (21.2%)

Low (0.25 & 0.5 Hz): 24 (20.3%) R ear and 26 (22.0%) L ear
Mild (1k & 2k Hz): 17 (14.4%) R ear and 20 (16.9%) L ear
High (4k & 8k Hz): 19 (16.1%) R ear and 16 (13.6%) L ear
	25 (21.2%)
	To determine the prevalence of ear canal infection and other related 
diseases of the ear, nose and throat
	- There was no significant association between HL and the exposure to sound from headphone usage because the high frequencies were not predominantly
affected.
- There was also no association between HL and duration of service.
- The numbers of subjects with hearing impairment in the low, mid and high frequencies were almost equal in the L and R ear.
- The majority of subjects with hearing impairment were in the early years of service (2-3 years).
	There was no evidence of NIHL amongst those with prolonged exposure to the sound from headphones and the duration of service
- Prolonged use of the headphones Amongst customer service representatives did not predispose them to infection of the external ear canal

	11. Hussain et al. (11)
	Cross-sectional
	USA
	-
	2018
	Young adult users
	19-39
	50: 30 F, 20 M
	50
	6.1 ± 2.1y

2.0 ± 0.9h on 4.8 ± 1.9d/w
	-
	iPod or iPhone with the original earbud earphones
	increased hearing thresholds at 4 and 6 kHz
	22% of participants, daily use ⩾2 h at ⩾91 dB
	The recent integration of portable music players into cell phones has further increased the use of PLD among young adults, raising concerns about potentially hazardous effects on hearing
	- Preferred volume levels were significantly correlated with HTs.
- Most participants exhibited safe listening behavior.
- A substantial high-risk subgroup of PLD users, potentially indicating an early manifestation of NIHL.
- At 6 kHz, data for the left ear were significant and tended to be increased for the R ear.

	While the majority of PLD users exhibited listening behavior considered nonhazardous to hearing health, a significant subgroup of young adult PLD users showed potentially dangerous listening preferences that correlated with significantly elevated HTs, potentially increasing the risk for future NIHL at an early age.

	12. Kashyap et al. (12)
	Cross-sectional
	India
	June 2015 to
July 2015
	16th May 2018

	Undergraduate medical students
	18-25
	50: 23 M, 27 F
	50
	≤ 1 h/d
1-3 h/d
> 3 h/d

< 5 y
≥ 5 y
	-
	-
	At 2 and 4 kHz only
	-
	To analyze the effect of duration of use of PLDs on hearing impairment young adults
	- The HTs varied only in isolated frequencies irrespective of the categorisation of duration of exposure to PLDs.
- There was no significant association between duration of use of PLDs and hearing impairment in young adults.
- On the basis of years of exposure, the thresholds varied significantly only at one frequency, that of 2kHz.
	The study did not reveal any adverse impact of use of PLDs, including mobile phones on HTs

	13. George et al. (13)
	Cross-sectional
	India
	-
	2023
	Medical students
	18-23
	431: 276 F, 155 M
	423
	Never: 5
Seldom: 23
Sometimes: 186
Usually: 159
Very often: 58

Mean duration:
4.35 (± 4.04) h/d
	-
	Earphones
	4K dip
	4K dip:
In exposed: 1 (12.5%) from 8

In not exposed: 22 (5.2%) from 423

Details of those 23:
11 (7.1%) M, 12 (4.3%) F

	To assess the prevalence and determined the factors associated with NIHL among medical students using earphones
	- The difference in PTA between different usages of earphones was statistically significant.
- The mean duration of usage of earphones among 4K Dip was 7.66, and among normal was 4.16, and the difference was statistically significant.
- PTA distribution among study subjects indicated a non-significant difference concerning age groups and gender categories.
	-  Exposure to sounds at high levels for a prolonged period can cause permanent hearing damage
-  As noise exposure has cumulative negative effects on hearing, the young generation should be aware of potential health hazards related to noise exposure and prevention

	[bookmark: _Hlk228528771]14. Balachandran et al. (14)
	Cohort
	Malaysia
	-
	[bookmark: _Hlk228528817]6th February 2012
	Adults
	20-39
	30: 10 M, 20 F
	30



	Exposed them for 10 min

Mean period of non-Bluetooth headset device use: 30 participants for 7.83y

Mean period of non-Bluetooth headset device use: 2 participants for 1.5y
	At full power

	Bluetooth headset device
	-
	-
	To evaluate potential changes in hearing function as a consequence of using Bluetooth devices
	There were no statistically significant changes in hearing, following either exposure type.
	Exposure to the electromagnetic field emitted by a Bluetooth headset, did not decrease HTs or alter distortion product OAEs.

	15. Shruthi HS et al.(15)
	Cross-sectional
	India
	March 2024 to May 2024
	2024
	Undergraduate medical students
	18-25
	132: 84 F, 48 M

	132
	1y: 26 (19.7%)
2y: 42 (31.8%)
3y: 10 (7.6%)
>3y: 54 (40.9%)

30min-1h/d: 10 (7.6%)
1-2h/d: 72 (54.6%)
2-3h/d: 25 (18.9%)
>3h/d: 25 (18.9%)
	High: 15 (11.4%)
Medium: 90 (68.2%)
Low: 27 (20.4%)

	Ear Pods: 67 (50.8%)
Earphones: 34 (25.8%)
Headphones: 19 (14.4%)
Combination of gadgets: 12 (9.0%)

	More
at 8kHz followed by 4kHz frequencies
	87 (65.9%):
Minimal: 67 (48.4%)
Mild: 10 (07.57%)
Moderate: 7 (05.30%)
Moderately severe: 1 (0.75%)

Among M: 35.4% 
Among F: 33.3%

High: 26.7%
Medium: 34.4%
Low: 37%

30min-1h/d: 40%
1-2h/d: 37.5%
2-3h/d: 28%
>3h/d: 28%

1y: 30.8%
2y: 42.9%
3y: 40%
> 3y: 27.8%

Ear Pods: 35.8%
Earphones: 29.4%
Headphones: 42.1%
Combination of gadgets: 25%
	To evaluate the HL in medical students by subjective and objective assessment methods and correlating the degree of HL with the nature of electronic gadgets used by them
	- HL was more in the R ear compared to the L ear.
- There was no significant association between gender and HL.
- There is no significant association between the type of gadgets used, duration of hearing gadget usage, duration of daily hearing gadget and HL.
- There was no significant association between preferred volume level and HL.

	Auditory gadgets should be used cautiously by students as it damages their hearing which further has deterrent effects on their learning and communication

	16. Rafique et al. (16)
	observational cross-sectional
	Pakistan
	July 2020 to February 2021
	October-December 2022
	Young adults
	18-35
	264: 178 F, 86 M
	264
	< 30min
31-60min
2 h
3 h
4 h
	-
	MP3
	Normal (25 dB)
Mild (26-40 dB)
Moderate (41-55 dB)
	R ear:
Normal: 120
Conductive HL: 44
SNHL: 98
Mixed HL: 2

In order mild and moderate:
< 30min: 45 - 3
31-60min: 39 - 2
2h: 25 - 2
3h: 14 - 1
4h: 12 - 1

L ear:
Normal: 136
Conductive HL: 41
SNHL: 86
Mixed HL: 1

<30 min: 42 - 7
31-60min: 39 - 3
2h: 19 - 1
3h: 12- 0
4h: 5 - 0
	To investigate the effect of MP3 on HT in young adults and duration of the listening MP3 is compared with degree of HL
	-There was a strong relationship between HL and Mp3 usage.
	The long-term use of MP3 can impair hearing function

	17. Sulaiman et al. (17)
	Case-control 
	Malaysia
	-
	28th June 2013
	Young adults
	18-30
	Exposure: 35 (10 M,
25 F), Control: 35
	35
	3.2 ± 1.4y (range 1–6y)

2.7 ± 1.0h/d (range 1.1-5.0h/d)
	81.3 ± 9.0 dBA (range 65.0 94.0 dBA)
	- Mobile phones: 97.1%
- Laptops: 54.3%
- MP3 players (including iPods): 31.4%
	- Moderate HL (63 dB HL at 8 kHz)
- Mild HL (20–30 dB HL at one or more test frequencies)
	Abnormal
HTs: 12 PLD users
(34.3 %) and 4 control subjects (11.4 %)

- Moderate HL: 1 PLD user
- Mild HL: remaining 11 PLD users and 4 control subjects
	To evaluate the hearing status of a group of frequent PLD users
	- There was a statistically significant association between the incidence of subjects with abnormal thresholds and PLD usage.
- When HTs of all users were compared with the controls, mean thresholds of users were significantly higher at seven test frequencies (2, 9, 10, 11.2, 12.5, 14 and 16 kHz) in the R ear and three test frequencies (12.5, 14, 16 kHz) in the L ear.
	Results indicate the presence of an early stage of hearing damage in the PLD user group

	18. Pawlaczyk-Łuszczynska et al. (18)
	Cross-sectional
	Poland
	-
	2019
	Call Centre Operators
	22-47
	49: 24 F, 25 M
	49
	Employed from 1.0 to 16.5 y in a call centre

5 to 9 h/d on phone calls
	- Over 50% of maximum level: 66.7%

- 100% of maximum level: 19.0%
	Headsets:
- 89.8% used the single ear headsets with microphone
- About one fourth: put the headphone alternately on both ears, while the others put it always on the same preferred R (39.5%) or L (34.9%) ear
	High-frequency notch was defined as a HT level at 3 and/or 4 and/or 6 kHz at least 10 dB HL greater than at 1 or 2 kHz and at 6 or 8 kHz

4 or 3 kHz:
Total at 3 or 4 kHz: 10.2%
Bilateral   notch at 3 or 4 kHz 2.0%

	- Normal hearing: 57.1%

- Extended frequency range (9-16 kHz): 27.1%

-HFHL: 3.1% ears

- Speech-frequency hearing: 4.1% ears

- High-frequency notched audiograms: 10.2%
	To evaluate the hearing status of call centre operators in relation to their noise exposure
	- Neither the prevalence of the HL nor the high-frequency notching differed significantly between the L and the R ear.
- High-frequency notches at 3 kHz were more frequent among the subjects with longer (> 4 years) than with shorter (≤ 4 years) tenure (10.4% vs 0.0%).
- High-frequency threshold shift was more often observed in the case of the L ear as compared to the R ear (50.0% vs 24.5%).
- Neither noise exposure level nor gender had a significant impact on the outcomes of the extended high-frequency audiometry.
	Call operators might be at risk of hearing impairments due to the use of communication headsets

	19.  Kumar et al. (19)
	Cross-sectional
	India
	-
	Received: 16th December 2016
	PLD users (patients presenting to OPD with complaints other than ear complaints) and non PLD users
	15-30
	100: 32 M, 68 F
	70: 22 M, 48 F
	1-3y: 23 (35.7%)
3-5y: 31 (44.2%)
>5y: 14 (20%)

1h/d: 22 (31.4%)
1-3h/d: 40 (57.1%)
>3h/d: 8 (11.4%)
	High (110-120 dB): 20 (28.5%)
Medium (90-110 dB): 8 (40%)
Low (70-90 dB): 23 (32.5%)
	Smartphones: 73.35%
Samsung: 37.15%
iPhone: 20%
Nokia: 18.2%
Laptops: 24.65%
	-
	-
	To explore the changes
in HTs by Extended HF audiometry in users of PLDs
	- Significant differences in HTs of PLD users were seen at high frequencies (3 kHz, 4 kHz and 6 kHz) and extended high frequencies (9 kHz, 10 kHz, 11 kHz, 13 kHz, 14 kHz, 15 kHz and 16 kHz).
- Elevated HTs were observed in PLD users which were directly proportional to volume and duration of usage.
	- No significant changes were noted in HTs in PLD users before 5 years of PLD use
- It can be reasonably concluded that extended high frequencies can be used for early detection of NIHL in PLD users

	20. Le Prell et al. (20)
	Cross-sectional
	USA
	2008-2012
	8th November 2013
	College students
	18-31
	87: 34 M, 53 F
	46: 18 males, 28 females
	M:
<1h/d: 9
1-2 h/d: 6
3-5 h/d: 3

<1d/w: 3
1-2 d/w: 2
3-5 d/w: 7
5-7 d/w: 6

<1y: 1
1-2y: 1
3-5y: 4
5-8y: 5
> 8: 7

F:
< 1h/d: 13
1-2 h/d: 12
3-5 h/d: 1
5-8 h/d: 2

<1d/w: 3
1-2 d/w: 5
3-5 d/w: 17
5-7 d/w: 3

<1y: 1
1-2y: 0
3-5y: 11
5-8y: 6
>8y: 10
	-
	M:
Earbuds: 11
Inserts: 5
Headphones: 3

F:
Earbuds: 21
Inserts: 5
Headphones: 3

	Statistically reliable differences at 1, 2, 3, 4, 12, 14, and 16 kHz

	-
	- To determine if extended high-frequency thresholds in healthy, young adult
college students vary as a function of recreational noise exposure
	- There was no statistically reliable relationship between either PTA threshold or single frequency threshold and music player use.
- At and above 10 kHz, there were small but statistically reliable elevations in thresholds in those who had used the devices for longer periods compared to nonusers and those who had used the devices for shorter periods with 3–4 dB deficits at 10 and 12.5 kHz and 6–7 dB deficits at 14 and 16 kHz.
- Evidence suggests an effect of music player use on thresholds was limited to an effect of long-time use (>5y), and use of the device at higher listening levels.
	It should be possible to detect small changes in high-frequency hearing for patients or participants who undergo repeated testing at periodic intervals

	21. Asghar et al. (21)
	Cross-sectional
	Pakistan
	December 2019 till
February 2020.
	March - April 2022
	3rd and 4th year medical students
	20-24
	221: 56 M, 165 F
	213
	1-2y: 35 (15.8%)
3-4y: 72 (32.6%)
5-6y: 52 (23.5%)
>7y: 54 (24.4%)

<1h: 39 (17.6%)
1-2h: 99 (44.8%)
2-3h: 32 (14.5%)
>3h: 43 (19.5%)
	Low: 10 (4.4%)
Medium: 145 (65.6%)
High: 58 (26.4%)
	Insert type: 163 (73.8%)
Bluetooth: 31 (14%)
Supra-aural headphones: 11 (5%)

	Mild HL: 26-40dB
Moderate HL: 41-60dB
Severe HL:  61-80dB
	R ear:
In order mild, moderate and severe:
0.25 kHZ: 68 – 6 – 0 
0.5 kHz: 67 – 1 – 0 
1 kHz: 15 – 0 – 0 
2 kHZ: 10 – 1 – 0 
4 kHz: 12 – 1 – 0  
8 kHz: 14 – 2 – 1 

L ear:
In order mild, moderate and severe:
0.25 kHz:62 – 1 – 0 
0.5 kHz: 49 – 1 – 0 
1 kHz: 13 – 1 – 0 
2 kHZ: 12 – 1 – 1 
4 kHz: 13 – 1 – 1 
8 kHz: 16 – 2 – 1 
	To determine frequency of HL among medical students using electroacoustic devices
	Upon PTA, one third of medical students demonstrated SNHL at 0.25 and 0.5kHz.
	Mild SNHL was detected among one third of participants using PLDs

	22. E. Widen et al. (22)
	Cross-sectional
	Sweden
	-
	2017
	Adolescents
	17
	Part 1: 279:  144 M,135 F, Part 2: 50:  17 M, 33 F


	Part 1: 272 (97.1%) - Part 2: -
	Part 1:
0.5-2h: 80%
≥ 3h: 20%

Mean listening time: 2h

Every day or Several times/w: 241 (88.6%)

Part 2:
0.5-<2 h/occasion: 86%

Mean listening time at every occasion: 1.5h

Every day: 23 (46%)
Several times/w: 24 (48%)
	Part 1: 
-

Part 2:
75-100%: majority
	Part 1:
Headphones:
Canal phones: 49.4%
Regular earbuds: 37.9%

Part 2:
Headphones:
Regular loose fitted earbuds: 50.0%
Occluding canal
phones: 46.0%
	A symmetrical HT with increased high-frequency HTs (6 and 8 kHz) was observed in both ears
	13 adolescents (26%) had a monaural and 5 adolescents (10%) had a binaural HT ≥20 dB HL at one or more frequencies

	To investigate self-reported hearing and portable music listening habits, measured hearing function and music exposure levels in Swedish adolescents
	- Tympanometry was performed in 50 adolescents (Part 2).
- Significant differences were noted for the HTs when comparing the groups who listen for 0.5-2h (n=43) at every occasion and those who listened for 3 h or more (n=7) at every occasion.
	Although the vast majority listened at moderate sound levels and for shorter periods of time, the study also indicates that there is a subgroup (10%) that listens between 90 and 100 dB for longer periods of time, even during sleep. This group might be at risk for developing future noise induced hearing impairments

	23.  E. Widen et al. (23)
	Cross-sectional
	Sweden
	27th April 2018
	2018
	Adolescents
	17
	112: severe to profound HL and 279: normal hearing
	102/112 (91%) - 272/279 (97.1%)
	Mean listening time:
Normal Hearing: 2h
HL: 2h 45m

HL:
0.5-2h: 54.3%
≥ 3h: 45.7%

Normal Hearing:
0.5-2h: 80%
≥ 3h: 20%
	-
	HL:
Canal
phones:
43.2%
Regular earbuds: 33%
Headphones closed ear muffs: 17%

Normal Hearing:
Canal
Phones: 49.4%
Regular earbuds: 38%
Regular headphones with muffs: 13%
	For the HL group, the differences were most pronounced at 6 kHz (20 dB) and 8 kHz (17 dB). For the group with normal hearing, participants who listened at ≤85 dB and those who listened at ≥85 dB showed a notch at 6Hz (10–12 dB)
	Out of 50 adolescents with NH, 7 (14%) had a HT greater than 20 dB HL at 6 kHz at the R ear
	To describe and compare the listening habits of HL subjects with normal hearing subjects to investigate whether HL subjects are more at risk
	- HTs and listening levels was measured on two subsamples based on 29 adolescents with severe to profound HL and 50 adolescents from the group with normal hearing.
- The result indicates that persons who listened at ≥85 dB had poorer HTs at most frequencies compared with those who listened at ≤85 dB for the L ear.
- Among those listening above 85 Db/occasion, the sound level ranged between 85.8 dB up to 109 dB for those with HL, whereas the sound level ranged between 85.5 dB and 100 dB for those with normal hearing.
	Adolescents with HL listened to louder sound volumes most likely to compensate for their HL, which significantly increases the risk of further damage to their hearing

	24. Sulaiman et al. (24)
	Cross-sectional
	Malaysia
	-
	2015
	Young adults
	18-30
	282: 187 F, 95 M
	228 (80.8%)
	M:
5-9y

1-8h/d

F:
5-10y

1-17.1h/d
	M:
7-97%

F:
7-100%
	- Mobile phones with a music playback function: 77.2%
Portable computing devices (e.g., laptops): 64.9%
Standalone MP3 (including iPods): 45.6% CD players: 0.4%

	Males:
43-94 dB

Females:
45.7-94 dB
	- 34 PLD users (14.9%) and 7 non-users (13.0%) had abnormal thresholds (>20 dB HL) at one or more test frequencies in either ear
	To evaluate the effects of music exposure from these devices on high-frequency HTs of PLD users
	- There was no significant association between the incidence of subjects with abnormal thresholds and usage of PLDs.
- When the audiogram data from the PLD users with LAeq8h of ≥75 dBA were compared with those from the non-users, the mean HTs of the users were significantly higher at the following EHFs: 11.2, 12.5, 14, and 16 kHz.
- Mean HTs of users exposed to LAeq8h of <75 dBA, were only significantly higher than the mean thresholds of the non-users at the highest extended HF tested (16 kHz).
- Users with LAeq8h of ≥75 dBA and who had been using their devices for ≥4 y, had significantly higher thresholds at six of the test frequencies (8, 10, 11.2, 12.5, 14, and 16 kHz) compared with the non-users.
- While thresholds at HF did not reveal any relationship with LAeq8h of the subjects, thresholds at extended HF showed a weak but significant positive correlation with their music exposure levels.
	Excessive exposure to music among PLD users may lead to initial effects on their hearing at very high frequencies

	25. Sulaiman et al. (25)
	Cross-sectional
	Malaysia
	-
	7th March 2013
	High school students
	13-16
	177: 62 M, 115 F
	177
	M:
1-6 h/d

F:
1-10 h/d
	M:
6-100%

F:
13-100%
	Mobile phones: 51%
MP3 players:  36%
Laptops: 17%
CD players: 1%
	M:
56.1-94 dB

F:
43-94 dB
	13 (7.3%):
- 12 of whom had mild HL (25-40 dB HL). 5 of the 12 subjects had bilateral ear involvement
- 1 subject with an LAeq8h
exposure level of 62.7 dBA had moderate HL (40-70 dB HL) at 6 and 8 kHz in his L ear, and at 8 kHz in his R ear
	To investigate listening habits and hearing risks associated with the use of PLDs among urban high school students in Malaysia
	- No significant association between subjects’ LAeq8h exposure levels and the incidence of HL, or the occurrence of notched audiograms.
- There were weak but significant correlations between LAeq8h levels and HTs at 11.2 and 14kHz.
	Although the average high school student listened at safe levels, a small percentage of listeners were exposed to harmful sound levels

	26.  M. Pawlaczyk-Łuszczyńska et al. (26)
	Cross-sectional
	Poland
	-
	1st November 2017
	Young adults
	18-28.6
	58: 29 M, 29 F
	58
	>1h/d: 60.3%

5.4 ± 1.8 times week on average

non-frequent users (1h/d): 4.5±1.9 times a week

frequent users (>1h/d):  6.0±1.5 times a week
	> 50% maximum level: 71.4%
	-
	-
	- Normal hearing: 81.9%
- 6.9% of audiograms showed high-frequency notches typical for NIHL
- Typical NIHL notches at 4 or 6 kHz of at least 15 dB depth were observed in 6.9%. Majority of them (87.5%) occurred at frequency of 6 kHz.
	To evaluate the hearing status in young adults using PAPs in relation to their listening habits
	- Both, the PTA and TEOAE indicated worse hearing in non-frequent users (1 h/day) compared to frequent users (>1 h/day). 
- No significant differences in prevalence of HF notches between subgroups were noted.
- The percent of ears with HT exceeding 20 dB HL in any of high frequencies (3–8 kHz) was also higher in the subgroup of non-frequent PAPs users (21.7%) compared to frequent users (10.0%). However, the difference was not statistically significant.
- There were no statistically significant differences in prevalence of notches between subgroups of subjects, although they appear to be more frequent in non-frequent users of PAPs.
- TEOAE indicated worse hearing in non-frequent compared to frequent users of PAPs.
	The outcomes do not support some previous studies results that the excessive exposure to music listened through PAPs might result in accelerating of development of NIHL loss in young adults

	27. Myung Gu Kim et al. (27)
	Cross-sectional
	South Korea
	June 1 and July 31, 2007
	December 2009
	Middle and high school students
	13-18
	490: 167 M, 323 F
	462 (94.3%)
	0-1h/d: 164
1-3h/d: 229
3-5h/d: 62
>5h/d: 7

0-1y: 108
1-3y: 237
3-5y: 93
> 5y: 24
	-
	MP3 player: 382
Cassette tape recorder: 20
CD player: 22
Computer: 38

Earphones (insert type): 399
Headphones (supra-aural type): 53
Speakers: 10
	-
	HT at 4 kHz in the R and L ears was significantly higher in the 24 students with cumulative usage >15 hr × years (11.7 ± 10.5 dB and 11.0 ± 14.6 dB, respectively)

	To Investigate the use of PMP among Korean adolescents and the relationship between HT and usage pattern of PMP.
	- Male students had significantly higher HTs in both the L and R ears than female students.
- The means and the hearing level at 4 kHz were 13.9 ± 8.3 dB and 8.9 ± 8.6 dB, respectively, in the R ear, both significantly higher than their respective levels, whereas 10.5 ± 5.7 dB and 7.6 ± 8.6 dB, in the L ear, respectively.
-HT level in both ears was significantly higher in students aged 13, 14, and 15 years than in students aged 17 and 18 years.
- Although there was no relationship between HT and daily use of PMPs, we observed significant increases in students who had used these players for more than 5y.
	PMPs can have a deleterious effect on HT in adolescents

	28. Gottfriedova et al. (28)
	Prospective cross-sectional 
	Czech Republic
	-
	2024
	young personal listening device users
	18-30
	114: 90 F, 24 M
	89: 73 F, 16 M
	<7h/w: 43
≥7h/w: 46

≤30m/use: 25
>30m/use: 64

0-10y: 42
> 10y: 47


	10-60%: 53
70-100%: 36
	Only in-ear earphones: 76
Only on-ear earphones: 10
Both types: 3
	-
	-
	To analyze HTs at conventional frequencies and extended HF in young adults due to the PLD use
	-HL in PLD users was greater than in PLD non-users at frequencies of 0.75 kHz and 2 kHz.
- Female PLD users had significantly greater HL at 0.75, 2, and 8 kHz compared to PLD non-users.
- Male PLD users had significantly greater HL at 0.25 kHz compared to non-users.
- When compared to PLD non-users, HTs of listeners with more than 30 minutes of listening time were significantly worse at frequencies of 0.75; 1.5; and 2 kHz.
- Compared to PLD non-users, over-ear headphones users had a greater HL at the frequencies of 0.5 and 1.5 kHz, while in-ear earphones users had a greater HL at the frequencies of 0.75 and 2 kHz
- Listeners to louder volumes had significantly worse HTs at frequencies of 0.75; 1.5; 2; and 8 kHz than PLD non-users.
	Changes in HTs were found at conventional frequencies, whereby long duration, high volume and daily use were associated with lower HTs in otologically healthy adults

	29. Basjo et al. (29)
	Cross-sectional
	Sweden
	-
	2016
	Children
	9
	416: 204 M, 212 F
	217/413
	Daily or 1-3 times/w: 115/413
Seldom: 102/413
Never: 196/413
	-
	headphones
	- 53.2% (221/415) had a HT ≥20 dB HL at one or more frequencies in one or both ears
- Among children with normal middle ear function, 37% showed a HT ≥20 dB HL at one or more frequencies; thus, their HTs at those frequencies likely indicated some sensory HL

The HTs at 6 and 8 kHz were higher than those at the low and mid frequencies
	- 81.1% (331/408) had normal middle-ear function in both ears.
- The prevalence of middle-ear Abnormalities in both ears was 7.8% (32/408), and 11.0% (45/408) of the children had middle-ear abnormalities in one ear
- Incidence of HL: 221/415
 
	Investigate hearing function and headphone listening habits in nine-year-old Swedish children.
	- Pure-tone audiometry showed poorer HTs in children with tinnitus and in children who regularly listened with headphones.
	The main findings were that HTs in the R ear were poorer in children who used headphones than in children not using them, which could be interpreted as headphone listening may have negative consequences to children’s hearing

	[bookmark: _Hlk228528988]30. Naik et al. (30)
	Cohort
	India
	-
	[bookmark: _Hlk228528995]January 2014
	Students
	18-30
	1000: 4 groups, each group 250
	750
	Group A: at least 2h/d

Group B < 2h/d

Group C: very occasionally

Group D: are not used to it
	-
	Earphones
	-
	Group A: 20 (8%)
10-20 dB: 4
20-30 dB:16

Group B: 5 (2%)
10-20 dB: 4
20-30 dB:1

After 6 months:
Group A: 8 (3.2%)
10-20 dB: 8
20-30 dB:0

Group B: 1 (0.4%)
10-20 dB: 1
20-30 dB: 0

- Groups C and D showed no abnormal changes in audiometry
	To create awareness regarding prolonged exposure to loud noise either through an MP3 player or cell phone music
	- There was a substantial decrease in the number and the amount of HL after the period of abstinence from earphone music (group A from 20 to 8).
- Group B who had five persons suffering from HL in the first instance showed only one person persisting with the loss after 6 months that too in the 10-20 dB category.
- The changes occurred are temporary and are reversible if intervened at the right time by demonstrating the decrease in the number of positive cases after 6 months of abstinence from ear phone music.
	Prolonged usage of loud ear phone music is harmful to the ears and a simple way of pass time by hearing to ear phone music might cause HL

	31. Silvert et al. (31)
	Descriptive cross-sectional 
	Brazil
	-
	Accepted: 13th July 2015
	Adolescent students
	12-17
	125: 63 F, 62 M
	125
	Female:
<3y: 32
≥3y: 31

<4d/w: 11
≥5d/w: 52

<2h/d: 30
≥2h/d: 33

Male:
<3y: 43
≥3y: 19

<4d/w: 20
≥5d/w: 42

<2h/d: 41
≥2h/d: 21
	1-5: 34
6-10: 91

1= very low
10 = full volume
	Mostly insertion type earphones
	Mean values <15dB HL with slightly better results for females from 11.2 kHz.

Significant difference at 14 kHz and starting at 12.5 kHz for the 15-17y
	-
	To analyze and correlate HF audiometry findings in adolescents with use of personal stereos. 
	- A significantly longer of personal stereos usage and more harmful habits among females.
- An average of higher thresholds in the older group for all frequencies tested.
- A significant difference in frequencies starting at 12.5 kHz for 15-17 years-old age group, with the worst average among males.
- No significant difference in any frequency about audiometric thresholds in terms of personal stereos exposure, duration of use, intensity variables or type of earphone.
- Some higher average in all frequencies related to ≥5 d/w usage.
- A preference for higher sound level among ≥5 d/w users.
	- No correlation between exposure to high sound pressure levels through PSs and HF thresholds in this population

	32. Narahari et al. (32)
	Cross-sectional 
	India
	-
	2017
	Medical students
	17-21
	34
	34
	2h continuous exposure to music after 18h of nonuse
	Mean sound pressure (22): 98.29 dB
	-
	Reduction in the frequency range of 9-12 kHz
	-
	To assess the effect of short-term PMS usage on DPOAE.
	- No significant main effect of music listening on DPOAE amplitudes at frequencies between 2-8 kHz
- Significant main effect of short-term exposure on HF distortion product 
- Significant effect of exposure on ripple density of distortion product gram
	- Short-term music exposure affect the HF DPOAE amplitudes, unlike low frequencies. 
- Suggests the capability to induce HL if listening at maximum volume setting.

	33. Rodrigers et al. (33)
	Cross-sectional cohort 
	Brazil
	June 2009 to March 2010
	Accepted: 7th November 2010
	Students, teachers, and staff of secondary schools
	15-30
	100: PSD users 54
Non-users 46
	54
	1h daily during at least 1 y
	-
	-
	A decrease in TOAE at 2 kHz in group 1
Higher thresholds at 8 kHz in PSD users with tinnitus
	-
	To assess the incidence of tinnitus in mp3 player users and non-users and to verify changes in threshold and otoemissions.
	- No clinically significant relation between HL in teenagers and young adults and PSDs.
- A decrease in TOAE at 2 kHz in group 1 may reflect initial stage of cochlear injury.
- Association of elevated thresholds at 8 kHz in PSD users with tinnitus.
	- Association of elevated thresholds at 8 kHz and lower TOAE at 2kHz with PSD users (with tinnitus).

	34. Goshorn et al. (34)
	Cross-sectional 
	USA
	-
	27th May 2010
	College students
	18-23
	31: 17 M, 14 F
	31
	<3y: 29
3-5y: 2

<2h: 31
	Mean preferred listening level SPL:
83 dB
Mean BBN: 78 dB

<85dBL: 65%
≥85dBL: 35%
	iPod
Insert earphone: 28
Over the head earphone: 3
	-
	No subject had a significant HL.
	To identify PPMD user settings and capability of listening levels for causing HL. 
	- None of subjects owning PPMD for less than 3 y had HL, although 11 subjects reported the presence of tinnitus, a possible early warning of hair cell damage.
	- Suggest that about a third of PPMD users tend to set their device to average listening levels that may be hazardous to human hearing if left at such a level for prolonged periods, that is, ≥8 h/day.

	35. Bhagat SP and Davis AM (35)
	Cross-sectional 
	USA
	-
	12th November 2008
	Young adults
	18-36
	20: 16 F, 4 M
	20
	30 min
	85 dB
	Earbud earphone
	Significant reduction in DPOAE levels from 1.4-6 kHz post-exposure
	No significant differences between pre- and post-exposure HTs at any frequency.
	To examine if exposure to 85 dB music for 30 minutes would result in significant changes in cochlear function.
	- No significant differences between pre- and post-exposure and 48h follow up at any frequency.
- 50-65% had post-exposure reduction, 35-50% had enhancement and 5% had no change in DPOAE, which revealed significant differences between pre- and post-exposure measurements. No significant differences in DPOAE between pre-exposure and 48h follow up, which indicates that any post-exposure reduction was temporary.
- Of 23 SSOAE identified, changes in frequency after exposure were: 2 downward shift, 7 upward shift, 14 no change. The greatest change in either direction was 13 Hz. Changes in magnitude were: 10 decrease, 12 increase, and 1 no change. Only 1 recovery from music-induced reductions in SSOAE magnitude (out of 3) and 3 of 5 SSOAE with post-exposure frequency shift returned to pre-exposure after 48 h follow up. 
	- No significant differences in comparison of pre- and post-exposure HTs.
- Significant reduction in DPOAE levels from 1.4-6 kHz following music exposure.
- Post-exposure shifts in SSOAE were highly variable in individuals identified with SSOAE.
- Indicating that changes in OAE may precede the development of music-induced HT shifts.

	36. Marron et al. (36)
	Cross-sectional 
	USA
	-
	25th July 2014
	Adults
	18-84
	115: 72 F, 43 M
	75
	-
	-
	-
	PTA≤ 25 dB HL (for octave frequencies 0.25 – 8 kHz): 100
PTA >25 dB HL, HF band (4-8 kHz): 12
	6% of 49 PLD-users had PTT >25 dB HL
14% of 49 PLD-users had abnormal HF means (4-8 kHz)
	To examine the relationship between hearing levels, OAE levels and listening habits related to the use of PLDs.
	- No differences between the PLD-users and non-PLD users in the traditional frequency-band range (0.25-8 kHz) and HF-band range (4-8 kHz) or DPOAE.
- Of 49 PLD-users: 6% had abnormal PTT and 14% had abnormal HF means.
- A significant correlation between age and traditional frequency-band means, HF-band means, low and high intensity levels of DPOAE.
- Listening level in silence is statistically related to traditional frequency means, unlike HF-band means.
- No significance of listening at harmful levels in silence on DPOAE at the moderate or loud 2-8 kHz intensity levels.
- No difference in hearing levels or DPOAE values while listening above 80 dB in noise.
- Significant association between traditional frequency means for PLD-users and age, years and hours listening per week. Worse hearing among increased age and listening >8h/w.
- Greater number of years using PLD were more likely to have better traditional frequency means, than non-PLD users.
- Significant association between HF means of PLD-users and age, the use of hearing protection and years listening.
-  Among non-PLD users there is a significant influences of age on traditional frequency-band means and of age and hearing protection usage on HF-bad means.
	- PLD user status did not impact hearing acuity.
- PLD users who used for >8 h/w were more likely to have worse hearing levels than who limited duration.
- PLD users who listened <80 dB rather than >80 dB in silence had better traditional frequency threshold levels than those who listened at higher intensity volumes.

	37. Mostafapour et al. (37)
	Cross-sectional 
	USA
	-
	December 1998
	College students
	18-30
	50: 32 M, 18 F
	50
	At least 1h/d with average estimated lifetime exposure: 2394h
	-
	-
	Notches:
10 dB≤ in either ear: 23 (46%)
10 dB in either ear: 11 (22%)
15-25 dB in either ear: 14 (28%)
Low-frequency or reverse notches at any frequency below 3 kHz: 6
Bilateral deep (15-25 dB) notches: 5

Number of subjects having thresholds in either ear worse than the 5th percentile of the ISO 1999 Annex A for frequencies 0.25-8 kHz respectively: 14, 4, 8, 2, 5, 9, 6, 9.
2 subjects with exceeded thresholds at 4 kHz and 6 kHz.
	-
	To estimate the effects of PLDs as well as other sources of leisure noise causing NIHL in young adults.
	-  No difference in HT, speech reception threshold and speech discrimination among listening levels.
- No correlation between hours of exposure and notching of audiogram at 4 or 6 kHz.
- No correlation of the presence or absence of any notch with any noise exposure.
- No gradient of hearing level across the levels of exposure.

	- NIHL is an additive process over many years of exposure. 
- The risk of PLD appears to be low, but not zero.

	38. Paping et al. (38)
	Cross-sectional 
	Netherlands
	May 2017 to September 2019
	2022
	Adolescents
	12-17
	314: 162 M, 152 F

	314
	7-40 days:
Median number of days listening a week: 2.4
Median listening time: 20.2 min/d (over all days), 81.5 min/d (only listening days)
	Mean listening level: 55.0%
	Samsung smart phone: 63.7%
Huawei: 11.1%
Motorola: 9.2%

Earphone (80.3%)
Headphone (19.7%)
	-
	-
	To examine whether adolescents exceed recommended noise exposure limits using PLDs and to investigate the relationship between PLD use and HTs. 
	- 2.2% of adolescents exceeded the recommended daily noise dose (85 dBA as an 8-hour-time-weighted average) among all days the application was active and 9.9% when among only the listening days.
- Participants with a daily noise dose for all days >100% listened more frequently, longer periods and at higher levels.
- No relationship was found between the daily noise dose and PTT.
	- No association between the degree of noise exposure to PLDs and hearing acuity.


	39. Kumar et al. (39)
	Cross-sectional 
	India
	-
	July-September 2009
	Adults
	17-24
	100: PMS users: 70 (35 M, 35 F), Non-users: 30
	70
	>2y: 70
Never/very rarely: 30

On average: 1.5h/d (range: 10 min-4h)
	Leq8h at preferred volume in quiet:
For mobile phones:73 dB
For iPods: 76
dB
for MP3 players: 79 dB
Leq8h> 80 dB: 20 (30%)
	Mobile phones, iPods, MP3 player
Insert type headphone (100%)






	None of the PMS users had PTT> 25 dB HL (in 3- 8 kHz) in both ears.

All subjects had normal DPOAE amplitudes.

	-
	To evaluate output levels of PMS in 3 conditions and its effect on hearing by comparing the DPOAE and HF PTT.
	- No significant difference in Leq8h between males and females. 
- No significant differences between means Leq8h produced by mobile phones in quiet and bus noise.
- Significantly more Leq8h produced at maximum volume compared to quiet and bus noise presence.
-  No difference between the experimental and control for mean PTT and DPOAE amplitudes and SNR values.
- Significant positive correlation between HTs at 6 kHz and exposed music levels, in both ears.
- Significant negative correlation between DPOAE amplitudes and SNR, and dB Leq8h at 6340 Hz in both ears and at 2098 Hz in R ear, and at 4816, 6340, 7277 Hz in R ear and at 4816 Hz in L ear, respectively.
	- Negative correlations indicates lesser DPOAE amplitudes and SNRs in high output levels listeners.
- Normal hearing assessments for all PMS users.
- No hearing differences between high and low level PMS users and non-PMS users.
- Suggesting that listening to music through PMS at preferred volume for 2 years may not result clinically significant abnormal hearing assessments, but high intensities may cause subtle pre-clinical damage.


	40. Feder et al. (40)
	Cross-sectional 
	Canada
	2012-2015
	14th February 2021
	Canadian people
	6-79
	10350: 5163 M, 5187 F
	PLD users: 5240 (46.6%) (2016 loud PLD users, 3224 non loud PLD users)
	Any volume
Mean: 7.9h/w
(6-11y: 4.2h/w
12-19y: 12.3h/w
20-29y: 8.1h/w
30-39y: 7.1h/w
40y≤: 5.4-8.1h/w)

Loud volume
Mean: 6h/w
(6-11y: 4.3h/w
12-19y: 9.1h/w
20-29y: 6h/w
30-39y: 5.2h/w
40y≤: 3.1-4.6h/w)
	Loud PLD usage: 19.5% (6-11y: 13.1%
12-19y: 44.2%
20-29y: 36.3%
30-39y: 24.1%
40-49y: 14.3%
50-59y: 9.6%
60-69y: 5.1%)
	-
	Higher mean thresholds for 0.5, 2, 3, 4, 6 kHz and all PTAs among 20-29y.
(Loud PLD for ≥5y: higher thresholds and 3, 4, 8 kHz.  loud PLD for <8h/w:  lower thresholds)

Lower audiometric means at 2 kHz among 12-19y (loud PLD for ≥5y)
	Notches:
6-11y: 13.2%
12-19y: 19.4%
20-29y: 18.9%
	To examine PLD usage patterns and relation to PTT and audiometric notches.
	- No significant differences in mean thresholds among PLD users, except a tendency of higher mean thresholds among 20-29 y and high PLD users (≥40 h/w of loud usage).
- No significant association between PLD usage and hearing loss at all PTAs and audiometric notches.
- Significant increase in mean HTs and 3, 4, 8 kHz among 20-29 y who used loud PLD for ≥5y compared to <5y loud PLD usage.
- Lower audiometric means at 2 kHz among 12-19 y who used loud PLD for ≥5y compared to <5y loud PLD usage.
- No significant differences in HTs about listening to loud PLD for ≥8h/w compared to <8h/w and non-users.
- A non-significant tendency of lower HTs among 20-29 y listening to loud PLD for <8h/w compared to ≥8h/w which was not significant.
	- Significant elevations of HTs at several frequencies (3, 4, 8 kHz and HFPTA) between loud PLD usage for ≥5y and <5y.
- No significant changes to HTs in loud or high PLD users compared to low PLD users.

	41. Endgal and Aarhus (41)
	Cross-sectional and follow up 
	Norway
	1998 and 2018
	Accepted: 17th April 2021
	Adults
	Follow up sample:19-79
Cross-sectional sample: 19-100
	Follow up sample:12115
(57% F), Cross-sectional sample: 26606
	PMP users Follow up sample: 8% (1998) to 16% (2018)- Cross-sectional sample: 8% (1998) to 31% (2018) (20-39y: 17 to 66%)
	Follow up sample: (1998 & 2018)
≤6h/w: 7% - 13%
>6h/w: 1% - 2%
Cross-sectional sample: (1998 & 2018)
<=6h/w: 24%
>6h/w: 7% (20-39y: 18%)
	Cross-sectional sample:
Low: 2%
Medium: 21%
High: 7% (20-39y: 23%)
	-
	PTA HT 3-6 kHz
Follow up sample:
12.6 dB (1998), 30.2 dB (2018)
Cross-sectional sample: 21.7 dB

mainly found at and above 2 kHz with similar effects at 3, 4, 6, 8 kHz.
	-
	To assess the association between PMP use, duration and volume and HT among adults. 
	- 2% of participants and 6% of 20-39y used PMP >6h/w and with high volumes.
- No relation between neither PMP use nor the duration and HT, unlike sound volume.
- Better thresholds while listening at low volume (-2.5 dB) and worse thresholds while listening to high volume (1.4 dB) compared to non-users, which was mainly found ≥2 kHz with similar effects at 3, 4, 6, 8 kHz.
- No significant interaction between volume and duration among PMP users.
- An association between HT and the different patterns of use.
- Significant interaction between volume and age indicating larger effect of volume on HT among older adults.
- Elevated thresholds observed only among high volume older users compared with non-users. 
- A weak association between duration and HT in >40y with better thresholds among users than non-users.
	- Similar association between PMP volume and HT for all levels of duration.
- No negative association between duration and 20-year progression in hearing, but listening to high volume levels increases the HT.
- Suggests that most regular PMP use does not affect hearing substantially. 


	42. Swierniak et al. (42)
	Cross-sectional 
	Poland
	-
	22nd September 2020
	Sixth-grade children
	11-12
	1032: 546 F, 486 M
	849 (82%)
	Every day: 86 (10.1%)
4-6 times a week: 58 (6.8%)
2-3 times a week: 187 (22%)
Once a week: 119 (14%)
<once a week: 126 (14.8%)

≥5h/d: 3 (0.3%)
3-4h/d: 23 (2.7%)
1-2h/d: 101 (11.9%)
<1h/d: 449 (52.9%)
	Average volume at 50.8%
	Headphone (48%)
Earphone (52%)
	Poorer HT at 3 kHz in L ear and 4, 6 kHz in R ear in non-user group (<2dB differences).


	Audiometric notches 1.3% (13: 7 in L ear, 2 in R ear, 4 bilaterally)
	To explore the association between PMP use and hearing, and to identify other sources of noise among children. 
	- Generally similar HT in PMP users and non-users, except poorer HT at 3 kHz in L ear and 4, 6 kHz in R ear in non-user group (<2dB).
- 1.3% of children had audiometric notches (8 PMP user and 5 non-user.)
	- No convincing evidence of an association between PMP use and HTs.

	43. Kumar and Deepashree (43)
	Cross- sectional 
	India
	-
	25th May 2016
	School and college students
	15-30
	60
	30
	-
	Range:
51-98 dB
	-
	PTT of all participants < 15 dB HL (for 0.25-8 kHz in both ears)

PTT: 0.5 kHz in R ear, and at 0.5, 2, 3, 4, 6 kHz in L ear
HFT: all frequencies except 9, 10 kHz in R ear
	-
	To measure output sound pressure levels of PMSs and evaluate their effect on hearing.
	- A small proportion of the participants were listening to music at levels higher than the safety limit (90 dB for 8h).
- Significantly worse PTT in PMS users listening at levels > 80 dB LAeq at 0.5 kHz in R ear, and at 0.5, 2, 3, 4, 6 kHz in L ear compared to PMS users listening at levels<80 dB and non-users.
-  Significantly worse extended HFT in both ears at all frequencies except 9, 10 kHz in R ear in PMS users listening at levels > 80 dB LAeq compared to the other groups.
- Significantly poorer syllable identification scores for PMS users listening at levels > 80 dB LAeq compared to non-users.
- Significantly smaller TEOAE amplitudes for PMS users listening at levels > 80 dB LAeq compared to the other groups.
- No significant difference between the mean PTT and TEOAE amplitudes of non-users and PMS users listening at levels <80 dB LAeq at any frequencies.
- Significant negative correlations of TEOAE and significant positive correlation of extended HF PTT with LAeq.
	- Suggests that listening to music through PMS at higher volume levels (> 80 dB LAeq) may not result in clinically significant hearing loss, yet may cause subtle pre-clinical damage.

	44. Passchier Vermeer et al. (44)
	Cross-sectional
	Netherland
	December 1997 to January 1998
	September-October 1999
	Students 
	14-21
	360
	337
	1.3h/d
	Average: 65%, 75 dB
On average M>F
	-
	4, 6 kHz of 2.7 dB
	10.4 %
(35 of 337)
	To specify relationships between exposure to pop music through headphones and NIHL.
	- Higher HTs in L ear than R ear (1 dB at 1 kHz, 5 dB at 6 kHz).
- Higher but not significant HTs at lower frequencies (0.5-2 kHz) in F than M. Significantly higher HTs (2-4 dB) at frequencies >3 kHz in M than F.
- No significant relationships between HTs at 0.5-8 kHz and measures of exposure to pop music through headphones (numbers of years listened, listening level, duration of h/d).
- Of the 35 subjects with BEL>1 (measure of pop music exposure), HTs at 4, 6 kHz are significantly higher (2.7 dB) than others.
- Of the 47 subjects with BEL 0-1, HTs at higher frequencies were higher but not significantly than BEL=0.
- 10.4% of listeners had pop music-induced HL at 4, 6 kHz.

	- Suggesting the risk of NIHL by exposure to pop music through headphones.

	45. Dobrucki AB et al. (45)
	Cross-sectional 
	Poland
	-
	3rd November 2013
	Young people
	16-25
	81: 26 F, 55 M
	81
	Average: 3.2h/d, >22h/w
	Very loud: 80%
	Headphones
In-ear: 23
Open: 18
Closed: 22
Semi-open: 18
	The threshold of hearing is uniformly shifted by about 6-7 dB.
	-
	To find the influence of headphones of the types used on the hearing losses.
	- 6-7 dB shifted HT with homogenous variances for all frequencies.
- Statistically important influence of the headphone type on the threshold at 4 kHz, which the inner earphones were most unfavorable (because of reducing the length of the ear canal whereby the natural protection becomes less effective and sound level increases by 6dB).
- The influence of the semi-open type on HT is statistically inessential and is a good alternative which isolates us from the outside noise, protects from high sound pressures and ensures good ear hygiene.
	- The young people with normal hearing but shift in the thresholds shows a slow tendency of the beginning of a permanent damage of hearing.
- The most dangerous kind of headphones is the in-ear type which causes the upward threshold shift at 4kHz.

	46. Haruna et al. (46)
	Prospective cross-sectional 
	Nigeria
	May 2017 to January 2018
	16th September 2023
	Young adults 
	18-35
	544: 280 M, 264 F
	272: 135 F, 137 M
	<2y: 60 (22%)
2-4y: 72 (26.5%)
>4y: 140 (51.5%)

	-
	-
	PTA:
Subjects: 15-42.5 dB (mean: 22.4+- 6.3)
Controls: 9.8-41.2 dB (mean: 18.2+- 4)

Head/earphone users:
0.25-0.5 kHz: 11 (22.9%)
1-2 kHz: 6 (12.5%)
4-8 kHz: 31 (64.6%)
Notches at 4 kHz: 17 (6.3%)

Control group:
0.25-0.5 kHz: 6 (30%)
1-2 kHz: 5 (25%)
4-8 kHz: 9 (45%)
	>25dB: 48 (17.6%) of subjects and 20 (7.4%) of controls

Of 272 head/earphone users, 48 had abnormal HT. (9 (15%) of <2y users, 16 (2.2%) of 2-4y users, and 23 (16.4%) of >4y users)

Notches at 4 kHz
6.3% of head/earphone users.
	To determine the prevalence and pattern of hearing loss among students with habitual use of head/earphone.
	- Significant difference in hearing loss between subjects and controls. (17.6%, 7.4% respectively)
- Higher HT among the subjects compared to the controls with significant mean difference of 4.2.
- No significant differences between duration of use and HT.
- 48 subjects of 272 had HL, which 43 (89.6%) had mild-degree HL (26-40 dB) and 5 (10.4%) had moderate-degree HL (41-60 dB), also 44 (91.7%) had SNHL and 4 (8.3%) had mixed HL, and all was bilateral HL. 
- Of the 48 subjects with HL, 11 (22.9%) had low frequency HL (0.25-0.5 kHz), 6 (12.5%) mid frequency HL (1-2 kHz) and 31 (64.6%) had HF HL (4-8 kHz).
- Of control group 20 had HL, 16 (80%) mild-degree HL and 4 (20%) moderate-degree HL, also 3(15%) had CHL, 13 (65%) had SNHL and 4 (20%) had mixed HL, and all was bilateral HL.
- Of the 20 controls with HL, 6 (30%) had low frequency HL, 5 (25%) mid frequency HL and 9 (45%) had HF HL.
- 17 (6.3%) of head/earphone users and none of control group had audiometric notch at 4 kHz, which was statistically significant.
	- Significantly higher HL among prolonged head/earphone users compared to the controls.
- The hearing impairment was mostly mild, bilateral, sensorineural with higher frequency involvement in the majority of the prolonged head/earphone users.

	47. Mohammadpoorasl A et al. (47)
	Cross-sectional 
	Iran
	April to May 2015
	1st September 2018 
	Students of university of medical sciences
	17-37
	866: 35.5% M, 64.5% F
	86.4%
	<1y: 114 (14.1%)
1-2y: 205 (24.4%)
>2y: 543 (61.5%)

≤1d/w: 194 (24.5%)
2-3d/w: 319 (40.3%)
>3d/w: 278 (35.2%)
	50%<: 222 (27%)
	Cell phone: 81.7%
Laptop:10.8%
Computer: 4.1%
MP3 player: 3.4%

Ear-bud style earphone: 51.3%
Supra-aural earphone: 42.2%
Headphone: 6.5%
	-
	Of 256 students, 25 (9.8%) had HL.
	To assess the prevalence and using pattern of earphones and investigate the relationship between earphone use and HL.
	- 51.3% of those who used earphones used earbud-style earphones, 42.2% used supra-aural earphones and 6.5% used headphones.
- Audiometry of 256 students showed that 25 (9.8%) had HL.

	- Students who used earphones more frequently during the week and more years had higher HL scores compared to others.


	48. Gajendran et al. (48)
	Cross-sectional 
	India
	1st April to 1st August 2023
	26th December 2024
	Medical students
	20-30
	100: 50 M, 50 F
	100
	>4y: 96%
2-4y: 2%
<2y: 2%
	-
	Headphone: 43%
	Both sides (12%): 4, 16, 18 kHz
R side (19%): 4kHz
L side (28%): 4, 8 kHz
	33% had HL
(42.9% of males and 23.5% of females)
	To assess the prevalence of HF NIHL among PLD-using medical students.
	- 53.8% of PLD users in noisy environments had HL, suggesting that exposure to high noise levels while using PLDs may increase the risk of hearing impairment.
- 36.4% had bilateral HL and 63.6% had unilateral HL (19% R-sided with mostly affected at 4 kHz, 28% L-sided with mostly affected at 4, 8 kHz).
-HL in both sides at 4 kHz was reported at 12% of participants. Significantly elevated HTs at 16, 18 kHz at both ears was generally seen in the extended periods of PLD usage.
- Mild HL (26-40 dB) at lower (250, 500 Hz) and higher (2,4, 8 kHz) frequencies was more common in the L ear (11%, 7%, 7%, 10%, 7%) compared to the R ear (6%, 3%, 4%, 7%, 6%). Moderate HL (41-55 dB) at 4 (1%), 8 (5%) kHz was observed only in the L ear. 
- Significant correlation between the development of symptoms and usage of headphones.
- Significant correlation between duration of usage (h/d) and HL.
- Male sex was identified as a significant predictor of HL across 0.25-8 kHz, unlike exposure to loud noise, duration of exposure, noisy environments, headphone usage and hearing symptoms (based on multivariant logistic regression model).
- Identifying male sex as a significant predictor of HL across 0.25 to 8 kHz, with having 7.4 times higher odds compared to females. Other factors, such as exposure to loud noise, duration of exposure, noisy environment, headphone usage had no significant association.
	- Showing early-onset high-frequency HL in young adults as a result of long-term PLD usage, especially in loud surroundings.
- Suggesting that L ear is more susceptible to both mild and moderate HL, particularly at high frequencies.

	49. Zia S et al. (49)
	Prospective descriptive cross-sectional 
	Pakistan
	January to April 2015
	October-December 2016
	Medical college students
	15-29
	56: 28 M, 28 F
	56
	1h/d: 3 (5.4%)
1-2h/d: 6 (10.7%)
3-4 h/d: 11 (19.6%)
5-6h/d: 36 (64.3%)
	-
	Over the ear headphone: 17 (30.4%)
Insert type earphone: 33 (58.9)
Both: 6 (10.7%)
	4 kHz: 5.4%
8 kHz: 3.6%
	73.2% with mild HL
	To identify association of SNHL and noise exposure from PMP with head/earphones among the young university students.

	- 73.2% of adults had mild HL (26-40 dB) at 0.5-8 kHz, which was same for both the ears.
- 5.4% and 3.6% had problem at 4, 8 kHz respectively, which was higher in the R ear.
- association of mild HL with 13 (23.2%) of headphone users and 22 (39.2%) of earphone users.
- 28 (77.7%) of students with usage duration 5-6h/d had mild HL.
	- There is mild HL in students using PMP for >1h at moderate to high volumes.

	[bookmark: _Hlk228529115]50. Gopal et al. (50)
	Cohort 
	USA
	-
	[bookmark: _Hlk228529124]7th November 2019
	Young adults
	18-31
	40: 20 M, 20 F
	35
	30 min music exposure

>5y: 90%
≥3 time/w: 82.5%
≥3h/w: 85%
≥3h continuously in one setting: 7
	100% volume: 10 (97.9 dB)
75% volume: 10 (83.3 dB)
50% volume: 10 (69.6 dB)
	Majority uses Apple earbuds
	All had normal HT (0.25-8 kHz)

Shifts in PTA at 2, 3, 4, 6, 8 kHz
	-
	To assess changes in auditory test measurements before and after exposure to music at various volume levels.
	- Statistically significant shifts in PTA were mostly seen in volume level 100% at 2, 3, 4, 6, 8 kHz, which were temporary changes.
- Significant decreases of DPOAE only in volume level 100% at 2000 and 2822 Hz.
- No significant changes between pre- and post-exposure in 75%, 50% and 0% volume levels.
	- when in-the-ear levels reach 97 dB, as with the 10% volume setting, even 30 min of exposure can produce TTS in the average listener. 

	51. Peng et al. (51)
	Cross-sectional 
	China
	-
	June 2007
	Young adults
	19-23
	150: 80 M, 70 F
	120
	At least 1h/d: 120
	-
	-
	>25 dB: 34 of 240 ears

Broad HT shifts from 1-8 kHz in >5y PLD users.

Higher HTs at 10, 12.5, 16 kHz in PLD users.

Higher HTs at 10, 12.5, 16, 20 kHz of PLD users with normal HT.
	14.1% (34 of 240 ears)
	To investigate the effects of PLD use on hearing in young listeners.
	- Significant differences between the control group and PLD users in HTs of conventional frequencies (0.5-8 kHz). - There is a broad HT shifts from 1-8 kHz in >5y PLD users.
- Significantly higher HTs in extended high-frequency range (10, 12.5, 16 kHz) in PLD users compared to control group. No significant differences between different duration of PLD use. 
- Significantly higher extended high-frequency HTs at 10, 12.5, 16, 20 kHz of PLD users with normal HT in range of 0.5-8 kHz (<25 dB) compared to control group. 
- Significantly higher extended high-frequency HTs of hearing impaired PLD users compared to normal hearing PLD users and control group.
- Significantly lower detection rates at 16, 20 kHz in hearing-impaired PLD users compared to normal hearing PLD users and control group. Significant differences between control group and the normal hearing PLD users at 20 kHz.
	- Demonstrating that the long-term use of PLDs can induce NIHL.
- Extended high-frequency audiometry is a sensitive method for early detection of NIHL.

	[bookmark: _Hlk228529252]52. Keppler et al. (52)
	Cohort
	Belgium
	-
	[bookmark: _Hlk228529274]June 2010
	Young adults
	19-28
	49: 24 M, 25 F
	21
	1h
	100%:
Supra-aural headphones: 97.36 dB
Earbuds: 102.56 dB
	Earbuds and supra-aural headphones
	1.12 dB and 1.17 dB deterioration in HTs at 0.25, 8 kHz.

	-
	To determine the output levels of a MP3 player and to evaluate changes in hearing after 1h of listening to it.
	- The earbuds were a mean of 5.55 dB higher than the supra-aural headphones.
- Conversion of the LAeq,T for 1h of pop-rock music to 1n 8h free-field corrected equivalent continuous SPL (for gain setting 50-100%): 61.18-87.43 dB (earbuds), 51.61-77.11 dB (supra-aural headphones)
- A significant 1.12 dB and 1.17 dB deterioration in HTs between pre- and post-exposure at 0.25, 8 kHz.
- Significant 1.78 dB deterioration in HTs between pre- and post-exposure for supra-aural headphones.
- Significant 2-way measurement * headphone interaction at 2 kHz.
- Significant decreases in TEOAE amplitudes of -0.47 dB and -0.7 dB, at 2, 2.8 kHz.
- Significant measurement * volume interactions at 2.8, 4 kHz.
- A significant 3-way interaction measurement* volume* headphones at 8 kHz.
-  No significant differences between the first and each consecutive preexposure measurement for HTs or TEOAE and DPOAE amplitudes at any frequencies.
- No significant changes in DPOAE amplitudes.
	- Significant changes in HTs and TEOAE amplitudes between pre- and post-exposure.
- Significant differences in the incidence of STSs and SESs between noise exposure compared with control group.
- Indicating potential harmful effects of listening to an MP3 player.

	53. Aydogan et al. (53)
	Cross-sectional 
	Tukey
	July to November 2022
	10th June 2024
	Children with compliant of dizziness and/or impaired balance
	6-16
	34: 16 F, 18 M
	34
	Group A (2-4h/d): 14
Group B (>4h/d): 20
	-
	-
	L ear: 10, 12.5, 14, 16, 18 kHz
R ear: 12.5, 14, 16, 18 kHz
	-
	To determine the effect of screen time on balance and the effect of headphone usage time on hearing.
	- PTA and PTT-HF had significant differences between two groups with different duration of headphone use in multiple frequencies (L: 10, 12.5, 14, 16, 18 kHz R: 12.5, 14, 16, 18 kHz).
	- Long-term headphone use may affect HF-HTs in children.

	54. Alshamrani et al. (54)
	Cross-sectional 
	Saudi Arabia
	September 2021 to April 2022
	September 2022
	College students
	20-24
	216
	216
	<5y, <1h/d: 108
≥8y, ≥5h/d: 108
	≤30: 108
≥60: 108
	-
	All participants had normal PTT and TEOAE.
	-
	To compare the hearing of university students who use PLDs at extremes with respect to duration of use, the number of years since use and volume level.
	- No significant differences in HTs of upper quartile vs lower quartile in both ears.
- no significant differences in TEOAE responses of upper quartile vs lower quartile in both ears and in any frequency tested except lower amplitude in the upper quartile of the category “duration of use/d” and “volume” at 1 kHz in L ear.
	- Suggesting that HT and cochlear outer hair cells’ function do not differ significantly in the upper and lower quartiles of PLD use pattern (volume, duration of use/d, the number of years since use).
- An affected L ear HT at 1 kHz in relation to the duration/d and volume using TEOAE.

	55. Osmanoglu et al. (55)
	Cross-sectional 
	Turkey
	-
	24th January 2024
	Young adults
	18-25
	88: 66 F, 22 M
	44: 36 F, 8 M

	Average:
7.67±3.13y
5.14±2.16d/w
2.18±1.42h/d
	Medium (65-74 dB): 16
High (75-84 dB): 22
Very high (85-100): 6
	Telephone: 26
iPod:1
computer and telephone: 17

Headphones:
In-ear: 36
In-canal: 2
Ear-covering: 2
Ear-covering and in-ear: 3
In-ear and in-canal: 1
	Bilateral: 4, 14, 16 kHz

L ear: 6, 18 kHz
	-
	To investigate how people’s listening habits affect their HTs.




	- Significant difference between the groups in bilateral 4, 14, 16 kHz and L ear 6, 18 kHz.
- Significantly worse HTs of study group compared to control group.
- Significant difference on years of usage according to music listening levels. The year-based music listening time of those who listen to very high-level music is significantly longer than those who listen to medium-level music.
	- Although the HTs of the study group were worse than control group in the 4, 6, 14, 16, 18 kHz, the HTs of both groups were still within the normal range, suggesting that listening to loud music is a risk factor for hearing health.

	56. Raouf et al. (56)
	Cross-sectional 
	Egypt
	January 2021 to January 2022
	1st September 2024
	University students
	18-25
	310: 153 F, 157 M
	297
	<5y: 133 (42.9%)
≥5y: 164 (53%)
None: 13 (4.1%)

<60min/d: 40 (12.9%)
≥60min/d: 257 (83%)
None: 13 (4.1%)
	<60%: 75 (24.2%)
≥60%: 222 (71.7%)
None: 13 (4.1%)
	Smart phones: 257 (83%)
MP3 player/iPod: 26 (8.3%)
Tablets/pc: 14 (4.6%)
None: 13 (4.1%)
In-ear: 214 (69%)

Earpiece type:
Closed-ended: 60 (19.5%)
Open-ended: 23 (7.4%)
None: 13 (4.1%)
	≥25 dB: 5 (1.6%)

4 kHz
	5 of 33 (1.6%)
	To explore the patterns of PLD use and their effects on hearing among university students.
	- 74% (229) of participants were classified as low-risk users and 21.9% (68) as high/very high-risk users in terms of PLD use.
- 33 (11%) of participants had positive hearing screening tests.
- 5 (1.6%) of 33 participants referred to PTA, tested positive (≥25 dB).
- A shift in HTs at 4 kHz in both ears, while it was still within the normal range.
- No significant differences between the duration of PLD use or the risk status of PLD use and the HTs.
	- No significant relation between PLDs use and change in the HTs.

	57. Wong et al. (57)
	Cross-sectional 
	China 
	July 1989
	1990
	Young people
	15-24
	487: 167 M, 320 F



	394



	Mean: 2.8y, 4.5h/w
	58.6- 116 dB
	-
	4 kHz
	<1%
	To assess the prevalence of use of personal cassette players PCP among youths in a residential community in Hong Kong.
	- No significant difference in mean HT between PCP users and non-users for all the frequencies tested.
- One detected to have HL of 30 dB at 4 kHz in one ear, suggestive of NIHL.
	- No significant relation between PCP use and change in HTs.

	58. Lee et al. (58)
	Cross-sectional study
	USA
	-
	October 1985
	Portable headphone users
	-
	16
	16
	3h music exposure

1h/d: 1
2-3h/d: 11
4h/d:1
6h/d: 1
	Average:
90 dB
98 dB
104 dB
	-
	<20 dB: 16

4 kHz
	1 of 16 (0.06%)
	To determine if threshold shifts can result from use of headphone sets.
	- Of 16 participants, 9 had no significant threshold shifts after 3h music exposure, 6 had TTS of 10 dB at one or more frequencies, and 1 had TTS of approximately 30 dB at 4 kHz with smaller losses at other frequencies.
- All returned to normal thresholds after 24h.
	- TTS occur after relatively short periods of exposure, permanent threshold shifts occur with greater duration of exposure.

	59. Twardella et al. (59)
	Cross-sectional analysis of cohort study data
	Germany 
	2009 to 2011
	9th August 2016
	Students
	13-19
	2143: 1155 F, 988 M



	1818
	Mean: 10.7h/w
	<55%: 41%

<80 dB: 73%
80-85 dB: 9%
85-90 dB: 6%
>90 dB: 13%
	-
	LFHL
HFHL
4 kHz
	Notches: 39 of 1698 (2.3%)
LFHL: 1.5%
HFHL: 3.6%
4 kHz: 2.5%
	To describe PMP usage among adolescents, sociodemographic determinants and association with audiometric notches.
	- No significant difference in the duration of PMP use between M and F, but higher volume levels in M.
- Significantly increase of duration with age.
- No significant association between prevalence of audiometric notches and risky listening, but there were slightly more notches among participants exceeding 80, 85 dB.
- LFHL, HFHL and 4 kHzHL were observed in 1.5%, 3.6% and 2.5% of 1698 participants, but no significant association between these and PMP usage.
	- No evidence for causation of audiometric notches and hearing impairment by PMP use.
- PMP exposure above 80 and 85 dB may be a risk factor for developing NIHL.

	60. Ahmed et al. (60)
	Cross-sectional 
	Canada
	-
	2007
	Young adults
	16-25
	150: 56% M, 44% F
	118
	≤1h: 60%
1-4 h: 33%
4h≤: 7%

5-7d/w, 2h≤: 50%
7d/w: 35
4-8h: 7

	<50%: 21%
50-75%: 60%
75-100%: 19%

Median: 60%
80-100%: 17
	MP3 player: 42.7%
iPods: 34%
CD players: 32.7%
Cell phone: 29.3%

Earbuds: 51
Headphone: 43
Extended range earbuds: 5

	<10 dB: 18
>25 dB: 2 of 24

	-
	To examine the relationship between the use of portable audio devices and hearing health in university students using both subjective and objective measures.
	- More males than females preferred higher volumes.
- Undergraduates use their devices for less time and at lower levels than high school students.
- No noteworthy early signs of HL, including no suggestion of the classic 4 kHz notch.

	- No audiometric signs of early HL.


NIHL noise-induced hearing loss, HFHL high-frequency hearing loss, VR virtual reality, R right, L left, PLD Personal listening device, HL hearing loss, HT hearing threshold, SNHL Sensorineural hearing loss, OAE otoacoustic emission, PTA Pure tone average, PAP portable audio player, PMP personal music player, PMS personal music system, DPOAE distortion product otoacoustic emissions, PSD personal stereo devices, TOAE transient otoacoustic emissions, BBN broadband noise, PPMD portable personal music devices, SSOAE Spontaneous otoacoustic emissions, Leq8h Mean weighted noise exposure / the 8 h equivalent continuous noise exposure, SNR signal noise ratio, PTT pure tone threshold, CHL conductive hearing loss, TTS temporary threshold shifts, HF high frequency
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